Summary.
Sections from the human somatosensory cortex were observed with a light microscope. The neurons were classified into light and dark ones. The light neurons were slightly stained with thionin, luxol fast blue MBS and azocarmine G (80% of all neurons). The dark neurons were more or less shrunken, and stained intensely with these dyes (20% of all neurons). Double staining with luxol fast blue MBS and azocarmine G was especially useful to demonstrate the dark neurons, since it clearly stained even their fine processes. Neither light nor dark neurons were reactive to nick end labeling for detection of DNA fragmentation. Triple staining with Golgi's silver nitrate (or Gallyas's ammoniacal silver carbonate), luxol fast blue MBS and azocarmine G showed that the majority of the dark neurons were argyrophilic (argyrophilic dark neurons, 15% of all neurons), while some of them were not argyrophilic (non-argyrophilic dark neurons, 5% of all neurons).
Triple staining also showed that the light neurons were only occasionally argyrophilic (argyrophilic light neurons, 5% of all neurons); usually, the light neurons were not argyrophilic (non-argyrophilic light neurons, 75% of all neurons). The results confirm that dark neurons usually represent certain populations of neurons in the human brain, and that they are basically identical to the argyrophilic neurons. The discussion suggests that the argyrophilic light and dark neurons are excited cells, the non-argyrophilic dark neurons are exhausted cells, and the non-argyrophilic light neurons are resting cells. Triple staining further demonstrated that some glial cells were darkened and stained with Golgi's silver nitrate or Gallyas's silver carbonate. Additional Golgi's silver block staining showed that the argyrophilic neurons stained by the conventional block staining method usually possessed a shrunken cell body, which was characteristic of the dark neurons.
The occurrence in the brain and spinal cord of dark neurons characterized by their shrunken cell body and also by their unusually high affinity for histological stains has long been noted (FLESCH, 1887; RAMON Y CAJAL, 1909) . The dark neurons are intensely stained with thionin, hematoxylin, pyronin, nuclear fast red, nile blue, gallocianin and certain other dyes such as carmine and erythrosine (MILLER, 1949; TEWARI and BOURNE, 1963; MAEDA, 1966) .
Earlier researchers regarded the dark neurons as active cells (HODGE, 1892 cited by RAMON Y CAJAL, 1909) or described them as resting cells (RAMON Y CAJAL, 1909) . However, modern authors have generally ascribed the occurrence of dark neurons to artifacts such as inadequate tissue fixation (FRIEDE, 1963; EBELS, 1975; AVER et al., 1985; GARMAN, 1990; LQBERG and TORVIK, 1993) or pathological changes after electric shock, ischemic attack, concussion, incision and other stimuli, including the administration of some toxins such as verotoxin (MAEDA, 1966; JOHNSON, 1975; QUEIROZ and FARIA, 1978; INGVAR et al., 1988; DIETRICH et al., 1991; GALLYAS et al., 1992a GALLYAS et al., -c, 1993a NACHEMSON and BENNETT, 1993; ISLAM et al., 1994 : FERCAKOVA et al., 1955 MIZUGU-CHI et al., 1996) . In contrast, our recent studies have confirmed the usual appearance of dark neurons in the normal human, rat and mouse brains, and disclosed in the rat and mouse brains that the dark neurons usually observed in the normal brain and spinal cord are functionally induced by the circadian rhythm (MURAKAMI et al., 1993a (MURAKAMI et al., , 1995b MURAKAMI and OHTSUKA, 1995, 1996a; OHTSUKA and MURAKAMI, 1996) .
It has been recently reported that dark neurons experimentally or pathologically induced by brain concussion, arterial occlusion or cardiac arrest are preferentially stained with Gallyas's or Nauta's ammoniacal silver carbonate (GALLYAS et al., 1990 (GALLYAS et al., , 1992a (GALLYAS et al., -c, 1993a CZURKO and NISHINO, 1993; NISHINO et al., 1994; FERCAKOVA et al., 1995) . The present study reinvestigates human samples, to confirm the usual appearance of dark neurons in the brain and examine how these usually occurring or functionally induced dark neurons are reactive to silver stainings. The present study also discusses the usefulness of double staining with luxol fast blue MBS and azocarmine G in staining the dark neurons.
MATERIALS AND METHODS
Some previously isolated human brain blocks (3 x 4 x 4 mm-blocks, somatosensory cortex-Area 7 of Brodmann, removed in surgery together with the meningioma from a 67-year-old Japanese man) (MURAKAMI et al., 1996c) were used in the present study. Briefly, the blocks had been fixed with 4.0% paraformaldehyde by puncture perfusion, and embedded in paraffin. Sections, 10-15um in thickness, were prepared from these blocks, deparaffinized and stained as follows.
Histological staining
Some sections were stained with cationic iron colloid (pH 1.5) and carbol-thionin or with cationic iron colloid and nuclear fast red (MURAKAMI et al., 1986 (MURAKAMI et al., , 1993 , and observed with a light microscope. After this, the sections were washed in distilled water, stained with azocarmine G (HEIDENHAIN, 1915) or luxol fast blue MBS (KLUVER and BARRERA, 1953) , and again observed with a light microscope.
Several sections were successively stained with luxol fast blue MBS and azocarmine G (double staining). In these cases, the cationic iron colloid staining was omitted.
Silver staining Some sections were stained with silver nitrate by Golgi's original method (ROMEIS, 1968) . Briefly, the specimens were refixed with a mixture of 1.0% osmic acid and 2.5% potassium dichromate overnight, washed in distilled water for 6h, immersed in distilled water containing 0.75% silver nitrate overnight, and washed in distilled water for 1min. The sections were then immersed in a mixture of 0.3% hydroquinone and 20% formalin for 6h in order to reduce impregnated silver nitrate.
Several sections were esterified, and treated with ammoniacal silver carbonate by the method by Gallyas (GALLYAS et al., 1990) .
The silver-impregnated specimens, including those treated by the Golgi's method, were observed with a light microscope. After this observation, some sections were further stained with luxol fast blue MBS, azocarmine G or both of these dyes, and again observed with a light microscope.
DNA nick end labeling
Some sections were treated by the nick end labeling method for the detection of DNA fragmentation (GAVRIELI et al., 1992; NITATORI et al., 1995) , and observed with a light microscope (OHTSUKA and MURAKAMI, 1996 ).
Golgi's silver block staining A deparaffinized block was block-stained by the original Golgi's silver impregnation method (ROMEIS, 1968) . Briefly, the block was immersed in a mixture of 1.0% osmic acid and 2.5% potassium dichromate for 3 days, washed in distilled water for 2h, and immersed in a 0.75% silver nitrate aqueous solution for 4 days. The block was then cut into 10-15 hemthick sections, and observed with a light microscope.
RESULTS

Histological staining
The specimens examined contained the III-VI layers of the somatosensory cortex. They showed neither pathological changes in structure nor invasions of tumor cells.
Many neurons in the III-VI layers possessed intensely negatively charged surface coats (perineuronal sulfated proteoglycans) which were reactive to cationic iron colloid and recognized as fine meshworks (Figs. 1A, 2). These surface coats surrounded the roots of cell processes as well as the cell bodies (Figs. 1A, 2). Glial cells never possessed such surface coats.
The majority of neurons were stained slightly with thionin, nuclear fast red, azocarmine G and luxol fast blue MBS (about 80% of all neurons) (Figs. 1A, 2, 2 upper Inset). The nucleolus and nucleolus-associated chromatin of these light neurons were well stained with these dyes, especially with nuclear fast red and azocarmine G (Fig. 2 , upper Inset).
Many neurons, including some neurons with penneuronal sulfated proteoglycans, were chromophilic. These chromophilic or dark neurons were encountered in about 20% of all neurons in each layer, and randomly distributed among the light neurons (Fig.  1A , B, Insets). The cytoplasm of the dark neurons was well reactive to thionin, nuclear fast red, luxol fast blue MBS and azocarmine G (Figs. 1A, B, 2) . The nucleus, nucleolus and also nucleolus-associated chromatin of the dark neurons were also well reactive to these dyes ( Fig. 2 lower Inset) .
The dark neurons appeared more or less shrunken in their cell body. The perineuronal sulfated proteoglycans of such shrunken dark neurons were thickened, representing hairy meshworks (Fig. 2 , lower Inset).
The cytoplasm and nucleus of the dark neurons were doubly stained with luxol fast blue MBS and azocarmine G (Fig. 3) . This double staining was so intense that it visualized even their darkened fine processes (Fig. 3) . In the combined stainings with thionin and azocarmine G or with thionin and luxol fast blue MBS, the dark staining with thionin was erased by washing the sections with water so that the thionin was thoroughly replaced with azocarmine G (Fig. 1A, B) or luxol fast blue MBS (Fig. 1A Inset, B  Inset) .
In some dark neurons, their perinuclear zone or Golgi's area was scanty (vacant) and remained unstained (Figs. 2, 3 Inset).
The glial and capillary endothelial cells, or their cytoplasm and nucleus, were occasionally darkened and intensely stained with thionin, luxol fast blue MBS, and other dyes (Fig. 1A, B) . Silver staining A considerable number of neurons in the III-VI layers of the human somatosensory cortex were stained with Golgi's silver nitrate (Fig. 4A ) or Gallyas's ammoniacal silver carbonate (about 20% of all neurons) (Fig. 4A, A Inset) . In the cell staining, no marked difference was noted between the Golgi's and Gallyas's methods. In both methods, therefore, the silver staining was recognized as fine granules diffusely deposited in the cytoplasm (Fig. 5, upper and lower Insets). Such granular silver deposits were also noted as dotted lines in the fine pocesses around or near the silver-impregnated cell bodies (Fig. 5) . The silver-treated sections were well reactive to luxol fast blue MBS and azocarmine G, when they were solely stained with either of these dyes (Fig. 5B  Inset) . When the silver-treated sections were stained doubly with luxol fast blue MBS and azocarmine G, azocarmine G staining was weakened or erased; in such cases, the cytoplasm and nucleus were mainly stained with luxol fast blue MBS, and the nucleolus Fig. 2 . Closer view of a section from the human somatosensory cortex, treated with cationic iron colloid (pH 1.5) and nuclear fast red. A neuron with perineuronal sulfated proteoglycans is darkened and intensely stained with nuclear fast red (large arrowhead). Large arrows indicate normal or light neurons with perineuronal sulfated proteoglycans.
Upper inset shows a light neuron with well developed perineuronal proteoglycans (large arrow). Lower inset shows a dark neuron with perineuronal sulfated proteoglycans (large arrowhead). The perinuclear zone or Golgi's area of this neuron is scanty and remains unstained (small arrowheads). x600, Upper inset: X1,300, Lower inset: X1,400 Fig. 3 . Section treated with luxol fast blue MBS and azocarmine G. Dark neurons (large arrowheads) and their processes, including fine ones (small arrowheads), are stained doubly with luxol fast blue MBS and azocarmine G. In contrast, the light neurons, except their nuclei, show no reaction to these dyes (large arrows). Inset shows a doubly stained dark neuron (large arrowhead) whose Golgi's area is scanty and remains unstained (small arrowheads). X450, Inset: X1,000 2 3 and nucleolus-associated chromatin with azocarmine G (Figs. 5, 6 ).
According to their cytoplasmic reactions to silver (Golgi's silver nitrate and Gallyas's ammoniacal silver carbonate) and dyes (luxol fast blue MBS and azocarmine G), the neurons could be classified into four types: 1) argyrophilic dark neurons doubly stained with silver and the dyes (about 15% of all neurons) (Figs. 4B, (Fig. 4B) . The glial and capillary endothelial cells, especially their nuclei, were frequently reactive to Golgi's silver nitrate or Gallyas's ammoniacal silver carbonate (Fig. 4A) . These argyrophilic glial and endothelial cells were usually darkened and stained intensely with luxol fast blue MBS or azocarmine G (Figs. 5 left-lower Inset, 6). neurons as stained with Golgi's silver nitrate. This section was counter-stained with luxol fast blue MBS and azocarmine G. Golgi's silver staining is observed as granular deposits in the cytoplasm (small arrowheads). Such granular deposits in the fine processes are noted as dotted lines (small arrows). A glial cell both reactive to silver nitrate and luxol fast blue MBS is seen (duplicated large arrowheads). Upper inset shows another example of argyrophilic neuron stained with Golgi's silver nitrate (large arrow). Lower-left inset shows another example of glial cell both reactive to silver nitrate and luxol fast blue MBS (duplicated large arrowheads). In the glial cell, silver reaction mainly occurs in the nucleus. A neuron solely reactive to silver nitrate (large arrow) is also seen in this Inset. Lower-right inset shows an argyrophilic neuron stained with Gallyas's ammoniacal silver carbonate (large arrow)(counter-stained with azocarmine G). Even in the Gallyas's method, the silver staining was observed as the fine granular deposits in the cytoplasm (small arrowheads). X 1,200, Upper inset: x 600, Lower-left inset: x 650, Lower-right inset: x 1,000 Nick end labeling
No nick end labeling was noted in any neurons, including the dark ones (data, not shown). Neither was any nick end labeling noted in any glial or capillary endothelial cells.
Golgi's silver block staining
In the III-VI layers, some neurons and their processes were intensely impregnated with silver (Fig. 7, Inset) . Many neurons were not stained with silver, and their cell bodies appeared as vacant structures with rather round forms (Fig. 7, Inset) .
DISCUSSION
The present study, together with our previous studies of the human visual and somatosensory cortices (MURAKAMI et al., 1993b (MURAKAMI et al., , 1994b (MURAKAMI et al., , 1995b (MURAKAMI et al., , 1996c , confirms the occurrence of perineuronal sulfated proteoglycans in the human brain. These perineuronal proteoglycans are identical to Golgi's reticular coating (MURAKAMI et al., 1996c) , and are widely recognized in the brain and spinal cord of the cow, dog, cat, rat, mouse and other animals (BRUCKNER et al., 1993 (BRUCKNER et al., , 1996 MURAKAMI et al., 1993a MURAKAMI et al., , 1994a MURAKAMI et al., , 1996b CELLO and BLUMCKE, 1994; SEEGER et al., 1994) . Their detailed distribution, development and morphological features have been dealt with elsewhere (MURAKAMI et al., 1995b (MURAKAMI et al., , c, 1996b TSUBOUCHI, Y. et al., 1996; TSUBOUCHI, M. et al., 1996) .
The present study, together with our previous studies of the human visual cortex (MURAKAMI et al., 1993b (MURAKAMI et al., , 1995b , confirms the usual appearance of dark neurons in the human brain. Negative labeling of DNA nick end in the dark neurons suggests that such dark profiles may not represent apoptosis. Our previous studies of the rat and mouse brains have also confirmed that the dark neurons are not reactive to DNA nick end labeling, and further disclosed that the dark neurons show a circadian rhythm in their occurrence. Neurons have been demonstrated to be darkened in the night when the animal is aroused, and restored to light cells during sleep or after resting of the cells in the day time (MURAKAMI and OHTSUKA, 1995, 1996a; OHTSUKA and MURAKAMI, 1996) .
The present study proves that luxol fast blue MBS and azocarmine G as well as thionin and nuclear fast red are useful dyes for staining the dark neurons. The double staining with luxol fast blue MBS and azocarmine G is especially useful to demonstrate the dark neurons, since it clearly stains even their fine processes. Noteworthy is that the nucleus and cytoplasm of the dark neurons are intensely reactive to nuclear fast red or azocarmine G with a specific affinity to the nucleolus. This may suggest an increased production of ribonucleic acids (mRNA) in the nucleus and also an increased supply of these nucleic acids to the cytoplasm. Similar findings were reported by TEWARI and BOURNE (1963) , who stained the rabbit cerebellar Purkinje cells with methyl green and pyronin.
Also noteworthy is that the cytoplasm of the dark neurons is intensely reactive to luxol fast blue MBS with an affinity to phospholipids or glycerols. This may be closely associated with an increased accumulation of inositol phospholipids or diacylglycerols in Fig. 7 and Inset. Sections from the specimen which was block-stained with Golgi's silver nitrate. Some neurons and their processes are intensely reactive to this silver nitrate (large arrowhead).
Large arrows indicate the unstained neurons. X 260, Inset: x 550 the darkened cytoplasm, which are known to be produced richly in the excited nerve cells (ALBERTS et al., 1989 (ALBERTS et al., , 1994 .
The present study proves that the Golgi's original silver block impregnation method is useful to stain the sections from paraffin-embedded specimens, when an appropriate reduction procedure is inserted after the silver impregnation. It also proves that the Gallyas's ammoniacal silver carbonate method (GALLYAS et al., 1990 ) is compatible with the Golgi's silver nitrate method in staining the nerve cells. GOMORI (1932) reported that calcium which has reacted to phosphate groups could easily be replaced with Golgi's silver nitrate. This suggests an increased intracytoplasmic accumulation of calcium in the argyrophilic dark and light neurons. ISLAM et al. (1995) autoradiographically proved a rich calcium accumulation in the electrically stimulated or darkened rat brain neurons.
The present silver impregnation followed by luxol fast blue MBS or azocarmine G staining supplements the findings by GALLYAS et al. (1990 GALLYAS et al. ( , 1992a GALLYAS et al. ( -c, 1993 GALLYAS et al. ( , 1994 and other authors (CZURKO and NISHINO, 1993; NISHINO et al., 1994; FERCAKOVA et al., 1995) , and gives evidence that the dark neurons-due to the circadian rhythm-are not always argyrophilic, some of them being not reactive to silver-non-argyrophilic dark neurons. It also gives evidence that some of the light neurons are stained with silver (argyrophilic light neurons).
Not much data are available on the fine structures of the dark neurons (PETERS et al., 1991) . Our recent electron microscope findings from the brain of aroused mice showed that the functionally induced dark neurons are characterized by marked features of dehydration (MURAKAMI et al., 1996d) . Dehydration may easily develop in the neurons since they mainly use glucose as energy source, which produces rather limited amounts of metabolic water (MAYES, 1993) . Such cytoplasmic vacuolations, including the autophagic ones, as observed in the experimentally induced dark neurons (INGVAR et al., 1988; DIETRICH et al., 1991) or in the apoptotic neurons (IWANOWSKI, 1988) , were never noted in the dark neurons due to the circadian rhythm (MURAKAMI et al., 1996d) .
Our recent electron microscope observations of mouse brain sections showed that the dark neurons usually contained fully expanded Golgi's complexes with many vesicular elements (excited dark neurons), whereas some of them contained dilated Golgi's complexes and few vesicles (exhausted neurons) (MURA-KAMI et al., 1996d) . These dilated Golgi's complexes may be observed as scanty or unstained Golgi's areas (perinuclear zone) under a light microscope, as sometimes identified even in the human dark neurons studied here.
The present study additionally demonstrates that the neurons stained by the Golgi's block silver impregnation method usually possess a shrunken cell body, and that the argyrophilic dark neurons stained in the sections also frequently possess the same. This supports the view that the block-stained argyrophilic neurons are identical to those stained in the sections, and that majority of them are included in the dark neurons.
The present study further discloses that even the glial and capillary endothelial cells are darkened, and that they are usually argyrophilic.
This indicates that the active and resting phases may also occur in these cells.
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